Since hedge funds specify significant lockup periods, we investigate persistence in the performance of hedge funds using a multi-period framework in which the likelihood of observing persistence by chance is lower than that in the traditional two-period framework. Under the null hypothesis of no manager skill (no persistence), the theoretical distribution of observing wins or losses follows a binomial distribution. We test this hypothesis using the traditional two-period framework and compare the findings with the results obtained using our multi-period framework. We examine whether persistence is sensitive to the length of return measurement intervals by using quarterly, half-yearly and yearly returns. We find maximum persistence at quarterly horizon indicating that persistence among hedge fund managers is short-term in nature. It decreases as one moves to yearly returns and this finding is not sensitive to whether returns are calculated on a pre-or post-fee basis suggesting that the intra-year persistence finding is not driven by the way performance fees are imputed. The level of persistence in the multi-period framework is considerably smaller than that in the two-period framework with virtually no evidence of persistence using yearly returns under the multi-period framework. Finally persistence, whenever present, seems to be unrelated to whether the fund took directional bets or not.
I. Introduction
It is now well known that the traditional active strategies such as investing in mutual funds, on average, underperform passive investment strategies. The few mutual fund managers who successfully beat the passive strategies tend to move into the arena of "alternative" investments and start their own hedge funds. Hedge funds seek to deliver high absolute returns and typically have features such as hurdle rates, incentive fees with high watermark provision which help in a better alignment of the interests of managers and the investors. This has caused many investors following traditional active-passive strategies to seriously consider replacing the traditional active part of their portfolio with alternative investment strategies.
The inclusion of hedge funds in a portfolio can potentially result in better risk-return tradeoffs due to the low correlation between hedge fund returns and the returns on the traditional asset classes like equities, bonds, currencies, etc. (see Fung and Hsieh (1997) , Agarwal and Naik (1999) ). However, question arises as to whether hedge funds are able to add value consistently? This is an important issue in the context of hedge funds because unlike the traditional mutual funds, investment in hedge funds involves a significant lockup period. This implies that the investors need to have sufficient information about the performance of hedge funds over a long period before committing their money to hedge funds 1 . Moreover, as hedge funds exhibit a much higher attrition rate compared to mutual funds (see Brown et. al. (1999) and Liang (1999) ), the issue of performance persistence becomes especially important in the case of hedge funds.
This paper contributes to our understanding of persistence among hedge funds in two important ways. First, it examines whether the nature of persistence in the performance of hedge funds is of short-term or long-term in nature. Our understanding of the nature of persistence among hedge funds is largely due to Brown et al (1999) who use annual returns of offshore hedge funds. They find virtually no persistence in their sample. In contrast, this paper employs a new database covering offshore as well as onshore hedge funds, and examines persistence using high frequency data over longer time period. It is possible that hedge fund managers exhibit differential degree of persistence at different return horizons, an issue investigated to some extent in mutual funds literature 2 .
Therefore, we examine both short-term and long-term persistence in the performance of hedge funds by investigating their pre-fee and post-fee returns over quarterly, half-yearly and yearly intervals 3 .
Second, unlike the existing literature, which restricts attention to performance over two consecutive periods, we also study persistence by examining the series of wins and 1 As hedge funds are refrained from advertising about their own performance, the investors have to generate their own information and conclusions about whether the funds that have done well in the past will continue to do so in the future. 2 For performance persistence studies in the mutual fund literature, see Brown and Goetzmann (1995) , Carhart (1997) , Elton, Gruber and Blake (1996) , Goetzmann and Ibbotson (1994) , Titman (1989, 1992) , Gruber (1996) , Hendricks et al (1993) and Malkiel (1995) . 3 Given the limited history of hedge fund returns, it is not possible to examine 3-5 yearly performance as done in the case of mutual funds losses for two, three and more consecutive time periods. This allows a direct examination of extent of multi-period persistence, which is essential before locking up investment over significantly long periods of time. Under the null hypothesis of no manager skill (which implies no persistence), the probability of winning and losing in each period equals a half and is independent of the return horizon. We test this null hypothesis for different hedge funds individually and collectively over two, three and more consecutive periods. Since the likelihood of observing a series of wins or losses due to chance is much less than observing two consecutive wins or losses in a two-period framework, the multi-period framework is able to discriminate better between persistence due to chance and persistence due to manager skill. We compare and contrast the findings from our multiperiod analysis with those obtained from the traditional two-period analysis on a pre-fee and post-fee basis.
We conduct this investigation using data provided by Hedge Fund Research Inc.
(henceforth HFR) which covers returns earned by hedge funds from January 1982 to
December 1998 period. HFR data set provides information about hedge funds both living and dead, and is shown to suffer the least from survivorship bias related problems compared to other databases such as TASS (see Liang (1999) ). Nevertheless, to mitigate the problem of spurious inferences caused by survivorship related issues (see Brown et. al. (1992) ), we include the data on both, the living as well as the dead hedge funds.
Using net-of-fee returns, we find that the extent of persistence is highest at the quarterly horizon and decreases as we move to yearly horizon. This continues to remain true with pre-fee returns as well suggesting that our finding of intra-year persistence is not driven by the imputation of performance fee. The persistence at the quarterly but not at the annual horizon among the hedge funds stands in sharp contrast to the results in Hendricks et al (1993) who find that in mutual funds, persistence is highest at the two year horizon. We observe that the level of persistence in the multi-period framework is considerably smaller than that in the two-period framework. Though persistence seems to be largely driven by losers, we do find that there exist few good managers who consistently outperform their peers for long periods of time suggesting that the manager selection exercise is very crucial in the context of hedge funds. Finally, we find that persistence, whenever present, is unrelated to the type of strategy (directional or nondirectional) followed by the fund.
Rest of the paper is organized as follows. Section II provides the sample description and classifies it into directional and non-directional hedge fund strategies. Section III describes how pre-fee returns are computed and examines the persistence on a pre-fee and post-fee basis in the traditional two-period framework using both parametric and nonparametric techniques. Section IV tests for multi-period persistence by comparing the observed frequency distribution of wins and losses against a theoretical distribution under the null hypothesis of no persistence. Section V offers concluding remarks and suggestions for future research.
II. Classification of Hedge Funds
Although the term 'hedge fund' originated from the equally long and short strategy employed by managers like Alfred Winslow Jones, the new definition of hedge funds covers a multitude of different strategies. Unlike the traditional investment arena, since there does not exist a universally accepted norm to classify the different strategies, we segregate them into two broad categories: 'Non-Directional' and 'Directional'. Hedge fund strategies exhibiting low correlation with the market are classified as non-directional (also commonly referred to as market-neutral), while those having high correlation with the market are classified as directional 4 . We further divide these two main categories into ten popular strategies (see Appendix A for details) and examine persistence in the performance of hedge funds following each of these strategies. Table I provides the description of the sample in terms of the number of funds in each of the strategies, the time period spanned by each strategy, the number of dead funds during the sample period, average and median number of funds per period for each hedge fund strategy. Since the incentive fee is typically worked out based on calendar year return, we select January to December period for computing annual returns, January-June and July-December for computing semi-annual returns, and January-March, April-June, etc. for computing quarterly returns. For our investigation using quarterly, half-yearly and yearly data, we use returns of 746, 716 and 586 hedge funds respectively spanning the period of January 1982 to December 1998. In general, as we increase the investment horizon the number of funds within a particular strategy decreases. This is primarily because the funds need to have returns for at least two periods before they can be included in the sample.
We select the first complete period (quarter, half-year or year) after the birth of a fund for the purpose of our investigation. In case of death of a fund, we include returns till the end of the fund. We have 27 (15 and 13) dead funds out of a total of 746 (716 and 586) funds using quarterly (half-yearly and yearly) returns. The attrition rate, defined as the percentage of dead funds in the total number of funds, is 3.62%, 2.10% and 2.22% using quarterly, half-yearly and yearly returns, which is consistent with an average annual attrition rate of 2.17% in HFR database reported by Liang (1999 Liang ( ) during 1993 . This attrition rate is much lower than the annual attrition rate of about 14% for offshore hedge funds during 1987-96 reported by Brown, Goetzmann and Ibbotson (1999) and 8.3% in TASS database during 1994-98 as reported by Liang (1999) .
Having described the sample period and characteristics, we now proceed with the examination of persistence in the traditional two-period framework using parametric and non-parametric tests.
III. Parametric and Non-parametric Tests of Persistence
It is well known that different hedge fund strategies involve significantly different riskreturn tradeoffs. Therefore, it may not be prudent to compare the performance of a hedge fund manager following a given strategy with another manager following a different strategy. We know from Brown et al. (1999) that the existence of 'style factor' can lead to reversals in the persistence phenomenon because of the differences in the levels of systematic risk across managers. This is especially relevant in the case of hedge funds, which are exposed to significantly different levels of risk depending on whether they follow directional or non-directional strategies 5 . We, therefore, examine the issue of performance persistence within individual hedge fund strategies. Specifically, we compare the return of a hedge fund following a particular strategy with the average return earned by all the hedge funds pursuing that strategy.
We follow Brown et al (1995 Brown et al ( , 1999 and compare the performance measures in the current period on the performance measures in the previous period. We employ two performance measures: the alpha and the appraisal ratio. We define alpha as the return of a hedge fund using a particular strategy minus the average return for all hedge funds following the same strategy. It is well known that different hedge funds employ different degrees of leverage to scale up their alphas 6 . However, this also scales up the volatility of their returns -a fact that may not be captured by just looking at the alphas. Therefore, we also use a second measure called the appraisal ratio. This is defined as the alpha divided by the residual standard deviation resulting from a regression of the hedge fund return on the average return of all the hedge funds following that strategy. The appraisal ratio accounts for the differences in the volatility of returns and is leverage-invariant. Therefore, we also use the appraisal ratios to investigate the extent of persistence in the performance.
To investigate the issue of persistence in two-period framework, we use regressionbased (parametric) and contingency-table-based (non-parametric) methods. We conduct all the tests at quarterly, half-yearly and yearly intervals using alphas as well as appraisal ratios. For the regression-based parametric method, we regress the alphas (appraisal ratios) during current period on the alphas (appraisal ratios) during the previous period. A positive significant slope coefficient on past alpha (appraisal ratio) suggests that a hedge fund that did well in a given period did well in the subsequent period and vice-versa.
For the non-parametric method, we construct a contingency table of winners and losers where a fund is a winner if the alpha of that fund is greater than the median alpha of all the funds following the same strategy in that period otherwise it is a loser. Persistence in this context relates to the funds that are winners in two consecutive periods (quarterly, half-yearly or yearly as the case may be) denoted by WW, or losers in two consecutive periods, denoted by LL. Similarly, winners in first period and losers in the second period are denoted by WL and LW denotes the reverse. In this framework, we use both crossproduct ratio (CPR) and Chi-square statistic to detect persistence. CPR defined as (WW*LL)/(WL*LW), captures the ratio of the funds which show persistence in performance to the ones which do not. The null hypothesis in this setting represents lack of persistence for which the CPR equals one. In other words, when there is no persistence, one would expect each of the four categories denoted by WW, WL, LW and LL to have 25% of the total number of funds. We determine the statistical significance of the CPR by using the standard error of the natural logarithm of the CPR given by (see Christensen
We also conduct a Chi-square test comparing the observed frequency distribution of WW, WL, LW and LL for each hedge fund with the expected frequency distribution. In a recent paper, Carpenter and Lynch (1999) study the specification and power of various persistence tests. They find that the Chi-square test based on the number of winners and losers is well specified, powerful and more robust to the presence of survivorship bias compared to other test methodologies. We compute the Chi-square statistic for each hedge fund strategy as
where N is the number of funds during the period. We test this statistic at 5% level corresponding to a
Chi-square statistic of {(2-1)*(2-1)} or one degree of freedom.
Since fees are imputed, but not paid intra-year, such imputation can potentially influence persistence measure at the quarterly and half-yearly horizons 7 . We therefore conduct persistence tests on a pre-fee basis as well. Towards that end, we estimate the performance fee paid to each fund at the end of each year based on the fee schedule, hurdle rate and high watermark provision 8 . We add back a twelfth of this each month for the past year to arrive at the pre-fee returns. We repeat all our tests with pre-fee returns and contrast the findings with those observed using post-fee returns reported in the HFR database.
We conduct the parametric and non-parametric tests for each hedge fund strategy separately. For the overall persistence results, we aggregate the information on all hedge funds in each time period. For the sake of brevity we report in Table II the percentage of cases where statistically significant persistence was observed in each hedge fund strategy on pre-fee basis and on post-fee basis. These results are based on both alphas (see Panel A) and appraisal ratios (see Panel B) computed using quarterly, half-yearly and yearly returns. We find that, in general, the regression based parametric tests indicate a greater extent of persistence compared to the non-parametric (CPR and Chi-square) tests.
Interestingly, the Chi-square test which Carpenter and Lynch (1999) find to be well specified, powerful and more robust suggests the least amount of persistence among hedge funds. We also find that the extent of persistence is sensitive to the return measurement interval. In particular, persistence decreases as the return measurement interval increases. Finally, the extent of persistence does not seem to be related to whether the fund took directional bets or followed an arbitrage based strategy. Brown et al (1999) examine persistence among offshore hedge funds using annual returns. They consider the possibility that performance persists on a pre-fee basis and that managers can extract their full value-added through fees. To test this proposition, they compare persistence on a pre-fee basis with that on a post-fee basis and find similar results. Our results on an annual basis using both onshore and offshore funds over a longer time period confirm this finding. Interestingly, we find that extent of persistence at quarterly and half-yearly level is higher on a pre-fee basis compared to that observed on a post-fee basis which is consistent with the possibility suggested by Brown et al (1999) mentioned above. However, since we continue to observe a comparable level of persistence on a pre-fee and post-fee basis at quarterly and half-yearly intervals, it suggests that the intra-year persistence observed on a post-fee basis is not driven by the way the performance fee is imputed.
One interesting finding is that the number of LL pairs are always higher than the number of WW pairs in each hedge fund strategy (not reported in the Tables). This suggests that the persistence may be driven more by the losers continuing to be losers instead of winners continuing to be winners.
management fee that ranges from 1% to 2%.
Having examined the extent of persistence in a two-period framework, we proceed with multi-period analysis.
IV. Multi-Period Tests of Persistence
In this section, we extend our investigation from the traditional two-period framework to a multi-period framework. Towards that end, we construct a series of wins and losses for each hedge fund and compare the observed frequency distribution with the theoretical frequency distribution of two and more consecutive wins and losses. For example, under the null hypothesis of no persistence, the theoretical probability of observing WWW and LLL equals one-eighth while that of observing WWWW and LLLL equals one-sixteenth, and so on. We illustrate this using annual returns in Chart I that shows the theoretical and observed frequency distributions of consecutive wins and losses of non-directional strategies, directional strategies and the overall sample based on alphas and appraisal ratios 9 .
We employ the two-sample Kolmogrov-Smirnov (K-S) test to check if the observed distribution of wins and losses is statistically different from the theoretical distribution. We report the results of the K-S test in Table III based on alphas and appraisal ratios in Panels A, B and C for quarterly, half-yearly and yearly post-fee returns respectively. We show in bold face (italic face) the cases where we find persistence significant at 5% (10%) level. to half-year, we find only one case of persistence in losers and none among winners while with yearly return interval, there is no evidence of persistence in either winners or losers.
Second, whenever some persistence is observed, it seems to be driven more by losers than by winners. This is similar to our earlier findings in the case of the two-period framework.
Once again, directional and non-directional funds seem to exhibit similar degree of persistence. Finally, the level of persistence based on multi-period performance measure is considerably smaller than that observed under a two-period framework with no evidence of persistence at the yearly return horizon even at the 10% level. This is because, unlike the traditional two-period test, our multi-period test involves tracking the history of series of successes and failures of individual hedge funds throughout the sample period. This significantly reduces the likelihood of observing large number of consecutive wins or losses due to chance factor and therefore has more power to discriminate between the chance and the skill factors.
Since for large samples the binomial distribution can be approximated by normal distribution, we conduct a Kolmogorov-Smirnov test comparing the distribution of consecutive wins and losses of hedge funds with a normal distribution. As before, we conduct this test based on alphas and appraisal ratios separately for quarterly, half-yearly and yearly post-fee returns. We report the results in Table IV . Persistence in this framework is captured by the observed distribution being significantly different from a normal distribution.
Overall the results exhibit somewhat higher level of persistence than that observed in Table III . However, we continue to observe the same interesting features. First, the extent of persistence decreases as the return measurement interval increases. Second, whenever persistence is observed, it is mainly attributable to losers continuing to be losers.
However, we find evidence of a few good managers who consistently outperform their peers over long periods indicating the importance of manager selection exercise in the context of hedge funds. Third, both non-directional and directional funds exhibit similar degree of persistence. Finally, the level of persistence based on multi-period performance measure is considerably smaller than that observed under a two-period framework with virtually no evidence of persistence at the yearly return horizon.
We repeat these multi-period tests using pre-fee returns and find virtually identical results 10 . For the test reported in Table III , in case of quarterly pre-fee returns, we find 7 cases of significance (at 5% level) as compared to 5 cases with post-fee returns. For halfyearly and yearly pre-fee (post-fee) returns, the number of significant cases is 4 (3) and 0 (0) respectively. The corresponding number of significant cases for the test reported in Table IV are 19 (20), 6 (7) and 0 (0) for quarterly, half-yearly and yearly pre-fee (postfee) returns respectively. In general, similar to the two-period tests, the extent of persistence is marginally higher with pre-fee returns compared to post-fee returns.
V. Concluding Remarks
This paper investigated the extent of pre-and post-fee performance persistence exhibited by hedge funds during January 1982 to December 1998 using the traditional two-period framework and contrasted the findings with those observed using a multiperiod framework. It also examined whether the persistence observed was sensitive to whether returns were measured over quarters (short-horizon) or over years (longhorizon). This is particularly important in the case of hedge funds that specify significant lockup periods. Finally, it also investigated whether the way in which the performance fee is imputed affects the degree of persistence observed among hedge funds.
It found four interesting patterns using both pre-fee and post-fee returns. First, there exists considerable amount of persistence at quarterly horizon. It reduces as one moves to yearly returns indicating that persistence among hedge fund managers is primarily shortterm in nature. This is in sharp contrast to the findings in the mutual fund literature, which show that two years is about the horizon of persistence. Second, whenever persistence is observed, it is mainly driven by losers continuing to be losers instead of winners continuing to be winners. However, we find evidence of a few good managers who consistently outperform their peers over long periods indicating the importance of manager selection exercise in the context of hedge funds. Third, persistence does not seem to be related to the type of strategy followed by the fund, i.e., both directional and non-directional funds exhibited similar degree of persistence. Finally, the level of persistence observed in a multi-period framework is considerably smaller than that observed under the traditional two-period framework, with virtually no persistence at the yearly return level in the multi-period framework.
Performance persistence over long periods is an important area of future research.
Since entry and exit into active management involves non-trivial costs and since learning about manager skill takes time, selecting the right manager becomes a very important issue. This is especially so in case of hedge funds as they specify significant lock-up periods. As avenues of future research, it would be interesting to examine whether performance persistence is related to characteristic features of hedge funds such as size, lockup period, incentive fees, etc. 11 . It would also be interesting to see whether multiperiod analysis of mutual funds exhibits significantly different patterns compared to the ones observed with hedge funds.
11 Recently, Ackermann, McEnally & Ravenscraft (1999) study the relationship between characteristic features and performance of hedge funds and find that incentive fees explains the higher performance partly.
Appendix A
Non-directional Strategies: These strategies do not depend on the direction of any specific market movement and are commonly referred to as 'market neutral' strategies.
These are usually designed to exploit short term market inefficiencies and pricing discrepancies between related securities while hedging out as much of the market 5. Event Arbitrage -A strategy of purchasing securities of a company being acquired, and shorting that of the acquiring company. The risk associated with such strategies is more of a "deal" risk rather than market risk.
6. Capital Structure Arbitrage -A strategy of buying and selling different securities of the same issuer (e.g. convertibles/common stock) seeking to obtain low volatility returns by arbitraging the relative mispricing of these securities.
Directional Strategies: These strategies hope to benefit from broad market movements.
Some popular directional strategies are:
1. Macro -A strategy that seeks to capitalize on country, regional and/or economic change affecting securities, commodities, interest rates and currency rates. Asset allocation can be aggressive, and leverage and derivatives may be utilized. The method and degree of hedging can vary significantly.
2. Long -A strategy which employs a "growth" or "value" approach to investing in equities with no shorting or hedging to minimize inherent market risk. These funds mainly invest in the emerging markets where there may be restrictions on short sales.
3. Hedge (Long Bias) -A strategy similar to equity hedge with significant net long exposure.
4. Short -A strategy that focuses on selling short over-valued securities, with the hope of repurchasing them in the future at a lower price.
Table I. Sample Description
The table below shows the sample period, total number of funds during the sample period, average number of funds per period and median number of funds per period for each of the ten different hedge fund strategies pursued by hedge funds from January 1982 to December 1998. The table below shows the summary of percentage of cases exhibiting statistically significant persistence in performance of the ten different hedge fund strategies from January 1982 to December 1998. We employ both the parametric (regression-based) and non-parametric (contingency-tablebased) methods using Alpha and Appraisal Ratio. The results show the persistence at quarterly, halfyearly and yearly intervals on both pre-fee and post-fee basis . Alpha is defined as the return of the fund manager using a particular strategy minus the average return on all the funds using the same strategy in that period. Appraisal Ratio is defined as alpha divided by the standard errors of the residuals from the regression of the fund return on the average return of all the funds following that strategy in that period. (14) 8 (6) 0 (0) 16 (19) 6 (10) 0 (0) 13 (20) 20 (7) 0 (0) Equity Hedge 24 (24) 7 (12) 4 (4) 15 (15) 15 (12) 0 (3) 19 (19) 13 (6) 
Quarterly returns
27 (29) 7 (5) 0 (0) 40 (40) 20 (25) 0 (0) 22 (22) 22 (22) (24) 4 (4) 15 (15) 15 (18) 9 (12) 19 (19) 25 ( 
